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Abstract 
Mobile apps on smartphones and tablet PCs are more and more employed in enterprises to optimize business processes, e.g. by elimination of 
paper-based data collection. With respect to engineering, mobile apps provide a huge potential for increased flexibility and efficiency due to 
their anywhere and anytime characteristics, e.g., for product testing in the field. However, not every usage of mobile apps is beneficial from a 
business point of view and existing apps for engineering represent only rudimentary front-ends for stationary IT systems without an app-
oriented redesign. Hence, there are three core challenges to leverage the potential of mobile apps in engineering: (1) identifying value-added 
app usage scenarios from a process point of view, (2) realizing a task-oriented and context-aware user interface design and (3) mastering tech-
nical obstacles at the app implementation. In this paper, we address these challenges by a case-oriented analysis of selected engineering pro-
cesses in the automotive industry in order to identify engineering tasks suited for the usage of mobile apps. On this basis, we design corre-
sponding engineering apps and analyze their business potentials. Moreover, we derive common technological challenges for the development 
of engineering apps, e.g. data synchronization aspects, and highlight further research issues. 
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1. Introduction 
Globalization and individualization lead to shorter product 
life cycles as well as a higher complexity and variety of prod-
ucts [1, 2]. These factors require both more flexible and more 
efficient engineering processes to retain competitiveness of 
industry companies. Especially, facilitating mobile and coop-
erative work of engineers is an important success factor in this 
context [3]. However, existing engineering IT systems, e.g., 
CAD systems, represent monolithic desktop applications with 
a complex and multi-functioned front-end and prevent the IT-
driven improvement of engineering processes.  
With the raise of smart phones and tablets, a new type of 
software called mobile apps is currently gaining attention in 
enterprise IT. Compared to desktop applications, mobile apps 
offer novel possibilities for IT-based process optimization due 
to (1) their anywhere and anytime characteristics, (2) their 
easy-to-use touchscreen-based handling and (3) their task-
oriented and context-aware design  [4]. With respect to engi-
neering, the exploitation of this unique feature set of mobile 
apps provides a huge potential for increased flexibility and 
efficiency of engineering tasks while reducing their complexi-
ty [5]. For instance, during a test run of a new car complaints 
can occur. At the moment, the recording of these complaints 
is paper-based. A mobile app could enable the test driver to 
record the complaint description digitally and enrich the de-
scription by photos, location data or voice recordings. This 
would significantly increase the efficiency and flexibility due 
the digitalization of the task and its location-independent 
execution anywhere and anytime. 
Despite these potentials of mobile apps in engineering, not 
every usage is beneficial from a business point of view, e.g., 
when apps are solely used at a stationary workplace without 
an analysis of the business process. Besides, existing mobile 
apps for engineering, e. g., Teamcenter Mobility [6] or Auto-
CAD 360 [7], just represent rudimentary front-ends for sta-
tionary IT systems without an app-oriented redesign, e. g., 
missing a task-oriented user interface or an integration of 
© 2014 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Selection and peer-review under responsibility of the International Scientifi c Committee of “9th CIRP ICME Conference”
18   Eva Hoos et al. /  Procedia CIRP  33 ( 2015 )  17 – 22 
context data. Furthermore, technical aspects, such as resource 
constraints of mobile devices, have to be considered, in order 
to successfully implement engineering apps [8]. Hence, there 
are three core challenges to leverage the potential of mobile 
apps in engineering: (1) identifying value-added app usage 
scenarios from a process point of view, (2) realizing a strictly 
task-oriented and context-aware user interface design and (3) 
mastering technical obstacles at the app implementation. 
In this paper, we address these challenges by a case-
oriented analysis of selected engineering processes in the 
automotive industry comprising business-oriented and techno-
logical aspects in order to identify engineering tasks suited for 
the usage of mobile apps. On this basis, we design corre-
sponding engineering apps to support these tasks and analyze 
their business impact on the respective processes. Moreover, 
we derive common technical challenges for the development 
of engineering apps and highlight future research issues. 
The remainder of this paper is organized as follows: In 
Section 2, related work is discussed. Section 3 gives an over-
view about our approach. The case-oriented analysis of engi-
neering processes in order to identify value-added app usage 
scenarios is presented in Section 4 including the specification 
of concrete engineering apps. Section 5 discusses the business 
potentials of these engineering apps, whereas, in Section 6, 
technical challenging for their implementation are detailed. 
Finally, Section 7 concludes the paper and highlights future 
work. 
2. Related Work 
We distinguish two groups of related work, namely work 
on the app-oriented analysis of business processes and work 
on mobile apps in engineering that is, engineering apps. In 
this paper, the term engineering refers to the product devel-
opment process in general comprising virtual product design, 
physical product integration and various engineering support 
processes [9]. 
In our previous work, we investigated approaches to sys-
tematically analyze business processes and identify value-
added app usage scenarios from a business point of view [10]. 
Existing analysis frameworks, especially [11, 12], do not 
distinguish between mobile applications running on laptops 
and mobile apps running on smartphones and tablet PCs with 
their unique features. Furthermore, the analysis effort is high, 
because they require a sophisticated process model. There-
fore, we developed a holistic analysis framework to systemat-
ically identify usage scenarios in business processes benefit-
ting from mobile apps [10]. Our framework comprises a sys-
tematic methodology using multi-criteria analysis and portfo-
lio analysis techniques and integrates both technological and 
business aspects of mobile technology. The result is a classifi-
cation of process activities according to the best fitting IT 
technology. 
Regarding apps in the engineering domain, there are sever-
al works highlighting benefits of the usage of mobile apps [3, 
5, 13–15]. However, they give just a high-level view on the 
potentials without evaluating and systematizing the impact of 
mobile apps on the process. Some of them present application 
areas of engineering apps [5, 15]. However, no concrete usage 
scenarios or use cases for single engineering apps are defined. 
Besides, Westkämper et al. [3], Neumann et al. [4] and Con-
stantinescu and Lentes [13] introduce the concept of an IT 
platform that enables engineers to develop their own individ-
ual engineering apps. However, they neither present a con-
crete solution nor concrete engineering apps. 
Regarding existing engineering apps, there are only some 
initial approaches. Gröger et al. analyze existing mobile apps 
across the product life cycle [16]. This reveals that only a few 
commercial apps for engineering tasks exist, e. g., Teamcenter 
Mobility [6] or AutoCAD 360 [7]. In most of the cases, these 
existing apps represent just mobile front-ends for their 
backend systems without exploiting unique features of mobile 
apps, for example enriching functionality by context data. 
Mourtiz presents two possible mobile apps for product cus-
tomization and design of manufacturing networks and shows 
the applicability in an automotive pilot use case [17]. At this, 
the app development is technology-driven and lacks a process 
point of view. 
3. Overview and Approach 
We did a case-oriented analysis of selected engineering 
processes in a large German car manufacturer. Therefore, we 
applied the 3-step procedure described below. It is important 
to remark that our approach follows a top-down process point 
of view. That is, in contrast to existing procedures, it avoids a 
purely technology-driven approach and comprises a holistic 
analysis of engineering processes. 
 
1. Analysis of engineering processes and specification of 
engineering apps 
2. Investigation of business potentials of engineering apps 
3. Identification of technical challenges in the engineering 
app development 
 
Analysis of engineering processes and specification of 
engineering apps. This step is based on our analysis frame-
work proposed in [10]. The framework offers a systematic 
analysis methodology to identify value-added app usage sce-
narios on the basis of a criteria catalogue for process analysis. 
The analysis methodology comprises three steps for process 
analysis, app potential evaluation and recommendation gen-
eration. To this end, a high-level process model is needed, 
which derived based on interviews with the organizational 
owners of each investigated process. For process analysis, we 
determine the value of each criterion in the criteria catalogue, 
e.g., mobility of the actor, by conducting a new set of inter-
views with the process owners. The analysis is terminated if 
neither the criterion actor nor the criterion task is evaluated as 
mobile in order to reduce the analysis effort. On the basis of 
the criteria values, the app potential of each activity is calcu-
lated during app potential evaluation. Finally, the analyzed 
activities are positioned according their app potential in the 
app management portfolio. Thereby, the app potential com-
prises two dimensions, app capability and mobilization poten-
tial. The app capability determines if the application is suited 
to be realized as an app on mobile touchscreen-based devices, 
whereas the mobilization potential refers to the suitability of 
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the activity for a mobile execution. On this basis, the portfolio 
defines four categories, namely flexible&easy-on-the-go, 
fancy&pointless, complex&mobile and legacy&fixed. These 
categories specify for each activity which type of IT technol-
ogy fits best. Activities in the flexible&easy-on-the-go catego-
ry should be supported by mobile apps whereas activities in 
the complex&mobile category should be supported by laptops. 
Activities in the legacy&fixed category do not benefit from 
mobilization and a stationary IT system should be used. Ac-
tivities in the category fancy&pointless can be realized as a 
mobile app. However, there will be no business benefit from a 
process point of view. According to this categorization, we 
design concrete engineering apps for activities in the flexi-
ble&easy-on-the-go category. 
Investigation of business potentials of engineering apps. 
In this step, we investigate the impacts of the designed engi-
neering apps on the engineering process to analyze their busi-
ness potentials. For this purpose, we qualitatively analyzed 
the impacts according to the goal dimensions of process im-
provement, namely flexibility, quality and time. We do not 
detail on cost aspects (as explained in our previous work [9]) 
as this would require additional investment calculations re-
garding the use of information systems in organizations which 
is out of scope of this paper. 
Identification of technical challenges in the engineering 
app development. In this final step, we investigate the tech-
nical feasibility of the designed engineering apps in order to 
identify technical challenges for the development and imple-
mentation of engineering apps. This feasibility study is based 
on the technical criteria in the criteria catalog defined in [9], 
e.g., data and computing requirements. 
4. Process Analysis Results and Engineering Apps 
We analyzed three processes in the engineering domain at 
a large German car manufacturer in order to represent the 
three major areas of engineering, namely the permission pro-
cess as a support process, the vehicle test process as part of 
physical integration and the modification approval process as 
part of virtual product design. For each process, we first give 
a coarse-grained overview of the process model and then 
describe the analysis results in the app management portfolio 
(see Section 3). Finally, we design concrete engineering apps 
to support selected process activities. 
4.1. Permission Process and PermissionApp 
Process analysis. The permission process controls the ac-
cess to the engineering IT systems, e.g., a CAD system, as 
well as to product data. If an employee needs access, several 
approvals have to be managed in a process. This permission 
process (see Figure 1) starts with request creation. The em-
ployee fills out a form with required data e. g., why the em-
ployee needs access. After that, the CAx-responsible performs 
validation and correction. Thereby, he checks the request and 
delegates it to request validation. This automated activity 
checks if the request is rejected or all required approvals are 
available. If the request is rejected, then the employee is noti-
fied. If more approvals are required, the activity request pro-
cessing is executed by the persons who still have to approve. 
If all approvals are received, the activity permission granting 
is executed. 
We analyzed the entire process using our analysis frame-
work with the resulting app portfolio shown in Figure 1. The 
activities request creation, validation and correction, request 
validation, permission granting are located in the lega-
cy&fixed category because neither the task nor the actor is 
mobile and thus the termination condition was fulfilled (see 
Section 3). Request processing belongs to the flexible&easy-
on-the-go category, because the 
actor has a high mobility being 
regularly on business trips. 
Thus, for this activity, we de-
signed a corresponding app as 
follows. 
PermissionApp. The Per-
missionApp provides four core 
functions as shown in Figure 2 
and enables mobile request 
processing for different user 
groups based on push notifica-
tions. 
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4.2. Vehicle Test Process and DocumentationApp 
Process analysis. The vehicle test process (see Figure 3) is 
part of the physical integration process and focuses on quality 
testing of physical mock-ups of the cars. 
The process starts with the activity test description crea-
tion. The test description is created on the basis of the compo-
nent requirements. Next, during test description approval, the 
test description is checked on completeness and plausibility. 
This ensures a high quality of the tests. After the approval, the 
test description cannot be changed anymore. Next, during test 
planning, the planner defines test runs for the respective pro-
ject and assigns them to the correspondent project quality gate. 
The test runs are created as variants on the basis of the test 
descriptions and include the specification of the corresponding 
test vehicle. According to the test run specification, the test 
driver performs test runs. During the test run, the test docu-
mentation is created. Moreover, different failures and com-
plaints can occur independent of the test specification, for 
instance during a motor engine test a windscreen wiper can 
break. These complaints are recorded separately by perform-
ing the activity complaints recording. The rectifying faults 
activity is executed after finishing the test. At this, for each 
package of failures, tasks for their elimination are defined and 
their correction is monitored. 
Figure 3 shows the resulting app management portfolio. 
The activities create test description, test planning and rectify-
ing faults are in the category legacy&fixed because neither the 
task nor the actor is mobile. The activity test description ap-
proval is in the quadrant fancy&pointless. The reason is that 
the activity can be supported by a mobile app, but the mobili-
zation potential for the process is low. Thus, we assumed that 
the actor would use the app predominantly at his stationary 
workplace without any business benefit. Yet, there are two 
activities in the flexible&easy-on-the-go category with a high 
app potential, namely test documentation and complaint re-
cording. These activities are highly mobile as they are execut-
ed during the test run. In the following, we focus on an app for 
test documentation and do not detail complaint recording due 
to space reasons. 
DocumentationApp. The DocumentationApp digitalizes 
the formerly paper-based activi-
ty for test documentation and 
provides five core functions 
(see Figure 4 ). Apart from pure 
textual documentation, it ena-
bles extended documentation 
using audio and video record-
ings as well as photos. Moreo-
ver, it facilitates location track-
ing of the entire drive using 
GPS. The complete documenta-
tion is then sent back to the 
backend system. 
4.3. Modification Approval Process and ApprovalApp 
Process analysis. The modification approval process is 
part of product data management (PDM). It ensures that prod-
uct data is stored in a consistent way despite modifications. 
We analyzed this process using our analysis framework in our 
previous work [10]. The process consists of six sequential 
activities, namely create modification document, check modi-
fication record, verify package, verify design, verify and ap-
prove modification and create entries in PDM system (for 
more details on the process model and the resulting portfolio 
see [12]). The result of the analysis is that the activities verify 
and approve modification and check modification record are 
located in the flexible&easy-on-the-go category as their actors 
are regularly on business meetings with customers at different 
company locations. The other 
activities are located in the 
legacy&fixed category. Hence, 
the activities verify and approve 
modification and check modifi-
cation record should be sup-
ported by a corresponding mo-
bile app supporting both activi-
ties. 
ApprovalApp. The Approv-
alApp provides five core func-
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tions (see Figure 5) to enable the mobile approval of product 
data changes. Based on a push notification of new approval 
tasks due to running modification process, the corresponding 
geometry can optionally be viewed and the responsible person 
can be contacted, e.g., by a phone call. 
5. Business Potentials of Engineering Apps 
We qualitatively analyzed the process impacts of our de-
signed engineering apps with respect to the optimization goals 
flexibility, quality and time (see Section 3). The results are 
summarized in Table 1 and explained in the following. 
 
Flexibility. There are two general effects of mobile apps, 
which are influencing the flexibility of the process, namely 
location-independent task execution and online access to the 
backend system. 
The activity “request processing” profits from the location-
independent task execution by the PermissionApp. The same 
benefit is achieved through the usage of the ApprovalApp in 
the activity “verify and approve modification”. Hence, the 
actor can decide himself when and where to perform the task 
as for example during business travels. 
Online access to the backend system facilitates two effects: 
the actor can react on current data and reschedule tasks flexi-
bly. For instance, the DocumentationApp enables the test 
driver to access the test description online. If ad-hoc another 
test should be executed as planned, the test driver can directly 
access the desired one and reschedule other tasks without 
going back to his stationary workspace. Besides, vehicle data 
can be accessed at the time when it is actually needed and it 
does not have to be printed out in advance. 
 
Quality. The quality of the process can be increased by the 
following general effects: digitalization, increased usability, 
online access to the backend system and use of sensors. 
Due to digitalization, no media breaks occur, especially 
when avoiding paper-based data acquisition as in case of the 
DocumentationApp in the test vehicle process. 
The usability can be increased because of the task-based 
design and the easy-to-use touchscreen-based handling of 
mobile apps. The existing IT system for the vehicle test pro-
cess provides lots of different functions which are not neces-
sary for test documentation and thus the user profits from the 
function-oriented design of the DocumentationApp.  
The online access to the back-end allows for the ad-hoc use 
of additional information. For instance, the test driver can 
read the actual variant description of a certain part of the ve-
hicle in order to make a more precise and correct documenta-
tion using the DocumentationApp. 
Besides, the use of sensor data enriches and eases the doc-
umentation, e.g., by recording videos or tracking the location 
of the test drive directly by the DocumentationApp. 
 
Time. In the time dimension, the following aspects have a 
positive impact: shortening of the activity execution time and 
reduction of reaction times. 
The process execution time can be shortened by mobile 
apps, because the actor can execute the task anywhere and 
anytime. For instance, the DocumentationApp enables the test 
driver to document the test during the run without the need to 
go back to stationary IT systems to manually transfer the 
results.  
The reduction of reaction times is mainly relevant when 
the delay until the start of other activities can be reduced. This 
is especially the case when using the PermissionApp or the 
ApprovalApp. Push notifications immediately alert the user to 
process new requests for permissions or approvals which he 
can directly process on-the-go. This significantly reduces 
waiting times for the following activities requiring the ap-
proval. 
To sum up, we have shown for three selected engineering 
processes that corresponding engineering apps have a signifi-
cant potential to increase flexibility and efficiency of engi-
neering tasks. However, to leverage these business potentials, 
technical challenges have to be mastered as detailed in the 
following. 
6. Technical Challenges in the Engineering App 
Development 
In order to identify technical challenges for the realization of 
engineering apps, we did a technical feasibility study of the 
above specified engineering apps. For this purpose, we ana-
lyzed the technical criteria which influence the app capability 
according to our analysis framework [12], e.g., data input, 
computing power and security aspects. On this basis, we iden-
tified three major technical challenges for the implementation 
of engineering apps: 
 
x Mobile data security 
x Mobile data synchronization and caching 
x Mobile product data management 
 
In the following, we give a coarse-grained overview of these 
challenges in order to highlight future technical research is-
sues for apps in engineering. 
Mobile data security is a central aspect for the successful 
realization of mobile apps in enterprises in general [18] as 
they process business-critical data, e.g., product models in the 
ApprovalApp or access permissions in the PermissionApp. 
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Thereby, security issues concern the entire IT architecture 
from the backend system over the communication channel to 
the mobile device and the actual engineering app. This com-
prises a wide range of concepts, e.g., discussed in [19]. In 
particular, standard security technologies, e.g., for malware 
protection and data encryption, have to be adapted to the lim-
ited computing power and specific security models of mobile 
touchscreen-based devices to realize enterprise-grade data 
security comparable to desktop systems. 
 
Mobile data synchronization and caching is necessary to 
make use of mobile apps even in case of missing wireless 
connections to the backend system. For instance, a test driver 
has to be able to view car data in the DocumentationApp even 
if there is no internet connection available. Thus, selected data 
have to be cached on the mobile device to enable offline us-
age and these data have to be synchronized with the backend 
system later on. At this, the limited storage capabilities of 
mobile devices require intelligent caching algorithms which 
automatically select suitable subsets of data needed for the 
specific engineering task, e.g., the car descriptions actually 
needed for a specific test drive in the DocumentationApp. For 
this purpose, general synchronization and caching techniques 
[20] have to be adapted to engineering data structures, e.g., 
digital product models. 
 
Mobile product data management is a specific challenge of 
mobile apps in the engineering domain, especially referring to 
the visualization of product data such as 3D CAD models and 
the product structure. Visualization and rendering of CAD 
models on mobile devices is challenging because of high 
requirements on computing power, main memory and 
graphics. Due to the variety in hardware capabilities of mobile 
devices, a seamless device-based rendering cannot be guaran-
teed [21]. However, CAD renderings can be done in high 
performant backend systems and can then be transferred as 
light-weight models to the mobile device [21]. For this pur-
pose, the existing JT format has to be advanced to provide a 
truly vendor- and device-independent rendering. Regarding 
the visualization of the hierarchical product structure on mo-
bile devices, existing approaches [22] have to be enhanced to 
support different views on the product structure, such as bill 
of materials or where-used list. In general, classical desktop 
CAD and product structure interaction paradigms based on 
mouse and keyboard have to be completely reengineered 
towards a pure touchscreen-based interaction. Thereby, it is a 
critical success factor to reduce the complexity of product 
data by a context-aware visualization exploiting context fac-
tors such as task characteristics, available bandwidth or user 
preferences.   
7. Summary and Future Work 
In this paper, we focused on mobile apps in engineering and 
presented a case-oriented investigation of engineering pro-
cesses. On this basis, we designed concrete engineering apps 
and analyzed their business potentials and technical challeng-
es. Our analysis results underline that engineering apps can 
significantly enhance flexibility and efficiency of selected 
engineering tasks. In our future work, we plan to address the 
technical challenges and develop an engineering middleware 
for the rapid and goal-oriented development of engineering 
apps. 
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